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INVESTIGATIONS IN TINEA VERSICOLOR:
LIPID AND AMINO ACID STUDIES**
In recent years it has become more and more evident that serious or
intractable fungus infection occurs only when there is something abnormal
about the patient. For this reason we have undertaken a physiological and
biochemical study of individuals with certain fungous diseases with the
hope that these studies would lead to a better understanding of suscep-
tibility to and pathogenecity of mycotic infections. The choice of tinea
versicolor for one such study was motivated by several factors: the avail-
ability of cases, the benign nature of the infection (a factor important
in making experimental subjects available), and our belief-in view of
the rarity of conjugal infection in the United States as well as the diffi-
culty of transmitting infection-that in this disease in particular, infected
individuals must possess certain factors which make them susceptible.
Recently we reported on some results obtained in our studies.! These
results included: first, three factors (genetic background, illness and malnu-
trition, hypercorticalism) important in susceptibility; second, experimental
infection of subjects under special conditions; and third, evidence pointing
to possible relationship of M. furfur, the presumed etiology agent2 (Fig.
1, A) and P. orbiculare, the yeast isolated by Gordon' from tinea versi-
color in 1951. The following presents the results of lipid levels, fatty acid
and amino acid composition in the skin in tinea versicolor as compared to
controls.
LIPID STUDIES
Among the first factors we considered as possibly important in suscep-
tibility to tinea versicolor were quantitative and/or qualitative changes in
skin lipids. This consideration was indicated by several factors: the origin
of lesions about the hair follicles, growth of the yeast-like organisms deep
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in the follicle, (Fig. 1, B, C, D), and the lipid requirements of P. orbiculare.'
We therefore, undertook a quantitative study of casual lipid level' and one
hour lipid delivery in tinea versicolor and in normal controIs.
LIPID LEVELS
Methods. Extent of infection was noted in tinea versicolor and all determinations
were made 24-36 hours after bath. Sebum was collected from the right thoracic region
of the back in an isolated, taped off 100 sq. cm. area. The subject was kept prone
during the test period.6 The lipids were collected by Emanuel's method.' Ten milliliters
of ether were introduced into a cup held tightly against the skin, allowed to remain
in contact with the skin for two minutes and then removed with a syringe. The pooled
extractions from each subject were filtered through glass wool to remove the debris,
the ether evaporated over nitrogen to about 5 ml., transferred to tared bottles, dried
and weighed.
TABLE 1. CASUAL LIPID LEVELS AND SEPUM P!'ODU1CON PC
TINEA VERSICOLOR AND CONTROLS
(Measured in ,Ag/mc')
Tinea
versicolor
mtales
PKS*
BOK*
AFF
MAG*
HAL*
INS*
DEM
WOD
SAB
Average
Casual
lipid
level
57.2
99.4
77.0
79.8
75.8
109.4
100.6
47.0
93.2
82.2
1-hour
sebum
production
42.2
46.2
28.8
43.4
38.2
83.6
48.8
47.0
69.4
49.7
Controls
males
WIL
JDS
CAR
DOW
SKO
Average
Casual
lipid
level
70.0
41.6
56.4
82.2
63.0
62.6
1-houtr
sebum
production
54.2
56.8
40.8
59.4
76.4
57.5
Tinea Casual 1-hour Castal 1-hour
versicolor lipid sebum Controls lipid sebumz
females level production femitales level productios
ROS 76.4 30.2 ROM 113.2 74.6
UER 89.8 56.8 GIA 141.2 88.2
BET 72.6 69.2 WEL 90.0 45.4
RES 99.2 59.6
Average 79.6 52.1 Average 110.9 67.0
Male patients were 16-28 years of age. Female patients were 22-28 years of age with
exception of ROS and BET (tinea versicolor) who were 45-50 years of age.
* Heavily infected; extractions in part made in infected areas.
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Results. The results obtained from extractable lipids in the skin varied in
the nine controls and 12 tinea versicolor patients from 41.6 to 141.2 ,ug/cm'
(Table 1). The average for the casual lipid level for the male tinea versi-
color group is higher (82.2 ug/cm') than for the controls (62.6 pg/cm').
In contrast, the average for the female tinea versicolor group is lower
(79.6 /Ag/cm') than for the female controls (110.9 pAg/cm'). The one
hour lipid delivery averaged lower for the male patients (49.7 pg/cm')
than for the male controls (57.5 pg/cm') and also lower for the female
patients ( 52.1 pg/cm2) than for the female controls (67.0,g/cm'). These
data indicate that high lipid levels are not a consistent feature nor necessary
for tinea versicolor infection.
This observation is borne out by the results obtained in a 35-year old
Negro female with Cushing's Syndrome due to pituitary tumor, and tinea
versicolor. Her casual lipid level was less than 20 pg/cm', considerably
lower than those of the female tinea versicolor subjects and controls. A
biopsy of the skin of the back in a lesion area showed that the sebaceous
glands in this patient were much reduced or atrophied. M. furfur was
present primarily as hyphae, even invading the follicle and persisting as
hyhae in the keratinous plug formed there (Fig. 2). This histologic picture
is in contrast to that usually observed in most tinea versicolor patients in
which the hyphae are limited to the stratum corneum and upper part of the
follicle, whereas the yeast cells occur not only in the stratum corneum but
may extend deeply into the follicle, almost to the mouth of the sebaceous
gland8 (Fig. 1).
At least two factors may be operative in causing a preponderance of
hyphae in the Cushing's Syndrome patient: first, lowered sebaceous activity
is probably important in limiting the number of yeast cells; secondly, high
plasma cortisol level (38.1 pg/lOOml. in one assay and 29.3 pg/100 ml.
in another assay using the method of Bondy et al.;' normal range 4-14
tAg/100 ml.) tends to stimulate hyphal growth.'
FREE FATTY ACIDS OF THE SKIN
A study of the free fatty acids of the skin was indicated by the findings
of Peck et al.,'0 Burtenshaw, ' and Rothman et al."' who stressed the im-
portance of short chain fatty acids as bactericidal, fungicidal, and fungis-
tatic agents in the skin. By contrast, Gordon,' who first isolated P. orbiculare
from tinea versicolor, pointed out the organism's requirement of saturated
long chain fatty acids under the cultural conditions used by him. In
analyzing the free fatty acids, we sought to determine if any abnormalities
such as decreased amount of short chain or an increased amount of long
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FIG. 1A. l1. furi-fur, typical microscopic picture of intermiinlgled septate hyphae anid
round budding cells (X430).
FIG. 1B and 1C. Tina Tzersicolor: hyphae and yeast cells in stratum corneum, yeast
cells inlhair follicle; showing well developed sebaceous glands (X75).
FIG. ID. Tinica zersicolor: Hyphae and yeast cells in stratum corneum and yeast
cells deep in hair follicle, enilargemenit of Fig. 1C (X260).FIG. 2A\. T'lc(a VC1rsicolor: subject wxitlh Cusliig's Svynd(roImie. Fungus p)resent
primarily as hyphae in stratum corneum and in keratinous p)lug formed inl hair follicle.
The hyplhae are ofteni distorted in appearanice. Sebaceous glands are atrophied.
FIG. 2B. EnilargenmeInt of 2A (X260).
FIG. 2C. .11. fuirfoir hyphae in stratum cornieuIm1 (X430).Lipids, amino acids in tinea versicolor I BURKE
chain saturated acids, or any abnormalities in fractions thereof, were present
in tinea versicolor.
Methods. The lipid material was collected as before, from six normal controls, from
four subjects with light to moderate infection, and four subjects with extensive
infection, 24-36 hours after bath, during winter. The fatty acids were converted to
methyl esters and the material assayed by gas chromatography using a 200-foot column,
0.010 inch inside diameter, coated with Apiezon L.' The column was operated at
240' C. with an inlet pressure of 20 p.s.i. argon. An ionization detection system was
employed. The theoretical plate efficiency for this system when calculated for methyl
stearate approached 80,000 plates. The acids were identified on the basis of their
retention times as compared with that of a standard mixture of 12 known acids.
Percentage composition was calculated for fractions of C-12 to C-18; peak area was
determined as one-half the product of the height of the peak and width of the base1"
and was normalized to 100 per cent. To facilitate comparison of our results with those
of other workers,' 1718 the fatty acids, characterized by their carbon number, were
grouped into three fractions. Fraction c contains poly-unsaturates and unidentified
acids; fraction b, mono-unsaturates and possibly mono-branched acids; fraction a,
n-saturates.
Results. A typical chromatogram of the free fatty acids obtained from a
normal white male is presented in Figure 3 and from a white male with
extensive infection in Figure 4. No essential differences were noted in the
types of free fatty acids present in sebum and the surface film, in the white
males and females, infected or control.'9 Nor were any essential differences
noted in the one Negro male studied. There are variations in the fatty
acid pattern but these occur in normal and infected alike. Most such
variations concern the presence or absence of trans-isomers of mono-
unsaturates and the presence or absence of small peaks tentatively identified
as branched saturates, poly-unsaturates and unidentified acids.
Earlier we reported'9 that our lipid studies indicated no great variation
in the range of amounts of the various free fatty acids present in tinea
versicolor as compared to controls. These first analyses were made in
clinically uninfected areas and treated patients to determine if there were
inherent abnormalities in fatty acid production to account for susceptibility
to tinea versicolor. Since that time these studies have been expanded to in-
clude analyses of lipids extracted from infected areas of patients with
extensive infection. The quantitative results in these are quite different
from controls and from clinically uninfected areas of lightly infected tinea
versicolor patients (Table 2).
The most striking changes in heavily infected subjects are in the
C-12 to C-16 fractions. In general, there is an increase in the amounts of
poly-unsaturated and unidentified acids (fraction c) of C-12 to C-16 in
heavily infected subjects as compared to controls and to tinea versicolor
209YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 2. RELATIVE AMOUNTS OF THE FREE FATTY ACIDS OF
HUMAN SKIN SURFACE LIPIDS
Controls
WIL TOM ROM
22y/o 27y/o 29y/o
WM WAM WF
c 0.5 0.6 0.3
C-12 b 0.2 0.5 0.5
a 0.7 0.6 1.1
0.7 1.5 1.3
0.0 0.6 0.4
0.3 0.5 1.1
0.6 1.7 2.8
2.9 2.9 3.2
5.8 5.6 7.2
2.4 5.4 5.8
2.7 3.7 5.2
3.8 4.8 4.9
9.2 2.9 6.6
27.3 19.7 22.6
24.8 19.7 12.9
3.0 5.2 6.4
1.3 4.2 3.4
0.7 1.6 2.2
1.1 2.5 3.3
9.7 12.7 5.8
2.1 3.0 3.3
Tinea versicolor
light inf. mod. inf. extensive infect.
BEK ROS PKS BET
34y/o 46y/o 28y/o 46y/o
WZM WF WAM WF
1.0 0.6 2.6 0.4
0.7 0.3 2.4 0.6
1.1 0.8 1.7 0.4
0.9 1.7 3.6 1.4
0.3 0.6 1.0 0.8
0.5 0.7 1.4 2.1
1.2 2.5 4.4 6.7
3.4 4.0 4.7 7.4
8.7 5.3 4.2 7.0
3.3 7.0 8.9 11.5
3.8 5.4 4.4 5.7
3.7 3.4 3.8 8.5
1.1 5.8 10.4 20.0
28.0 17.8 11.3 13.3
22.6 13.5 10.7 4.8
3.3 6.2 3.6 3.5
2.3 4.6 3.8 0.4
1.1 1.5 1.5 1.8
1.4 3.5 4.0 2.6
8.9 11.7 10.0 0.5
2.8 3.1 1.5 0.6
total c 17.5 19.8 26.5 12.2 27.3 37.5 46.1
total b 44.1 44.3 41.1 47.4 44.4 37.6 28.7
total a 38.2 35.8 32.7 40.5 28.3 24.8 25.2
average c 21.3% 19.7% 41.8%
b 43.1%o 45.9% 33.2%
a 35.6% 34.4% 25.0%
Composition of fractions:
Fraction c: poly-unsaturated and unidentified acids.
Fraction b: mono-unsaturated and mono-branched acids.
Fraction a: n-saturated acids.
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C-13 b
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C-18 b
a
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subjects extracted in areas clincally free of infection. These increased
amounts of fraction c are most evident in C-14, C-15, and C-16 acids.
There is also an increased amount of mono-unsaturated C-14 (fraction b)
in heavily infected individuals. In contrast, there is a decrease in the amount
of n-saturated C-16 and C-18 acids (fraction a) and mono-unsaturated
C-16 (fraction b) in heavily infected individuals.
The average percentage of poly-unsaturates and unidentified acids is
much higher in heavily infected areas (41.8%) than in controls (21.3%o)
(Table 2). The average percentage of n-saturates is lower in infected areas
(25.0%o) than in controls (35.6%o); similarly, the average percentage of
mono-unsaturates is lower in infected areas (33.2%7o) than in controls
(43.2%).
In lightly infected patients extracted in areas clinically free of in-
fection, the quantitative results may closely resemble those for controls.
Some patients, however, may show changes similar to the heavily infected
group. In BEK, with moderate involvement of shoulders and back,
lipid extractions were made after treatment. Although the areas were
clinically free of infection, P. orbiculare occasionally could be demonstrated
by microscopic examination. The fatty acid pattern obtained is quite similar
to that of control WIL. The pattern obtained in ROS, with light infection
extracted in areas clinically free of infection, begins to show some of
the characteristics of the heavily infected group. There is an over-all de-
crease in total saturated acids and a slight increase in poly-unsaturates and
unidentified acids. The most evident changes are in an increased amount
of poly-unsaturated and unidentified C-15 acids and a decrease in amount
of mono-unsaturated C-16.
That the fatty acid changes observed in tinea versicolor are probably
due in part to P. orbiculare rather than individual idiosyncracy is in-
dicated by our studies of the lipid metabolism of that organism in vitro.'
When supplied with olive oil, which contains approximately 10 per cent
n-saturated C-16 and C-18, usable by P. orbiculare, gas chromatographic
analyses show an increase in poly-unsaturated C-16, and all members (n-
saturates, mono-unsaturates, poly-unsaturates, and unidentified fatty acids)
of the C-15, C-14, C-13, C-12, C-11, and C-10 series in that decreasing
order. These results add further weight to the observations of Scheimann
et al.' that micro-organisms participate in the production of free fatty
acids on the skin. They further suggest the need for more exacting con-
trolled conditions in the collection of lipid material for analysis.
Boardman and Malkinson'e in their study of the free fatty acids in
tinea versicolor and steroid treated subjects (some of whom had tinea
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versicolor) as compared with controls, noted no significant differences in
the range of percentage composition with possible exception in C-18
and C-16 acids. In C-18 fractions they found that the upper range of n-
saturated C-18 and mono-unsaturated and/or mono-branched C-18
appeared higher in the steroid treatment group; in C-16, the ratio of mono-
unsaturated and mono-branched C-16 acids to saturated C-16 acids tended
to be higher in tinea versicolor patients. They also noted that the average
100-
901
unatrae acid in the cas ofnrawujetscm ard to paiets
80
branched C-14 Cas C-s
70-
Co~~~~~~~~~CP
0- 4
30
C-I,'.-l
c-Is'.'crrC-8 roe
FtiGking Separatioobservedty uscid eseavil on20footedpllr sujcolum isan inchs in
percentagof pol-usaturatesaduietfed acids was acomphgertane thtfor nstherateo
andomoC-unsaturated C acids in the Cts fasctompare resuts.
resultsin ifectednand uinfageedmaeas wtentoad n supor Makinsn' observaino
vantionceseon rtioei occrrncea versicolor fcntg moo-un-saturated acids mono
brnhd0 -6a compa C-St n-sauatdC16 oevr hems
FtrG.i3. Separaing ofsefatt yacdeseson 200-lifoot capillary column 0.010einc in
percentagof plun-saturatesaduietfed acids was acitlohgertantatedfor nsthermono
adtmoounsaturatedfat acids in the sofnrasujCts6 fasctompaOre tospatsients
results inifectednand uinfageedmaeas wtentoarsupport thekirsob'sevtoofsr
vantioncesonted rtocirnctinea vigersclr ofrmontaeo-unsaturated anidsmono
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controls as compared with tinea versicolor. However, in heavy infections,
we obtained lower percentage of mono-unsaturates than in controls.
The percentage composition of free fatty acids obtained by Boardman
and Malkinson1 agrees well with that obtained by Boughton and Wheatley.'7
Our results in control subjects agree in many respects with those of
Boughton and Wheatley, differing primarily in a greater amount of poly-
unsaturated and highly branched acids (fraction c) obtained by us and are
probably the result of the more sensitive apparatus used.
100-
90
80
7o
Wm-r.h .us Is W.dlsu
ui 60 mock
X_
< 50
°x 432 C-M4
40 C-14 30~~~~~~~~~~~-F
20-
CU0
I50 CI C-I c-rn
0 15 30 45 60o 90
MINUTES
FIG. 4. Separation of fatty acid esters on 200-foot capillary column 0.010 inch in
diameter, coated with Apiezon L. Temperature 240° C.; pressure 20 p.s.i. argon. Male
subject extracted in area of tinea versicolor infection.
In some chromatograms, not presented in Table 2, a wide range in some
acids is obtained. Haahti,"8 in his extensive study of the lipids of human
skin surface, also obtained awide range in some acids. His results for mono-
unsaturated C-16 are consistently lower than those for saturated C-16
suggesting a loss of unsaturated fatty acid due to the method of collection
as observed by Boughton and Wheatley.'1
The results of the chromatographic studies indicate a much greater variety
in types of free fatty acids present in the skin than has been apparent using
less sensitive equipment. Some of the smaller peaks, though evident in
Figures 3 and 4, are best noted by overloading the column (Fig. 5). A
vast number of peaks is evident with as many as 10 and 11 fractions occur-
ring in some series. From 1 to 5 per cent of the total fatty acids are un-
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identified; the nature of these fatty acids is unknown. Tentative identifi-
cation of the recorded fractions, characterized by their relative -carbon
number, has been made using a semi-logarithmic plot. These fractions
include: (1) n-saturate; (2) probably branched saturated chain; (3) mono-
unsaturate, trans-isomer; (4) mono-unsaturate, cis-isomer; (5) poly-
unsaturate; (6-11) unidentified, probably highly unsaturated and/or
branched acids.
100
90 C-15
so c~~~~~-i4 C-IS
70~~~~~~~~~~~~~~~-7
Di 601 TM.. c-r
F 50 S a to fumn. ic Indie The micntunsfC-Is bwaach.d . SneM
2
K40-
C-S C-IT
fufri-imtdt h Cstratmconu a-ndhifolceweondrd
2.
'30
c-rz C-14~~~~~~~~~~~~~~~~~~~~~~~cr
'i- C-S- -I
10' i C-I,~~~~~~~~~~~~~~Ct
fiG. 5.d seprationcofrfatt acidhbestr imonr20-fot caillr sucopiblumn 0.01 reistnchei
diaete, cotdwt AiznL Clm a ovroae todmntaemnrpas
Female s i tinea versicolor. l ihnfecti
used "inour larantorfa acidl tere medni fo cnrmpaskinmiro-orgaisnms.
fufemriosu lite wito tn st tine a versicolor andsied
that quantitative and/or qualitative amino acid composition of the surface
film and stratum corneum might be important in susceptibility or resistance
to tinea versicolor. Earlier, Rothman' had suggested that "amino acids
on the skin might be of clinical significance as a feature of its milieu" and
that "individual and regional differences in composition of this milieu
might be responsible for differences in susceptibility and resistance to
infections. . ." Avitaminosi's, evident in some of our tinea versicolor sub-
jects is known to affect the quantitative amino acid composition in tissues
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of experimental animals and to cause negative nitrogen balance."' More-
over, one of the results of prolonged steroid administration may be negative
nitrogen balance.
Two experiments were undertaken: the first of these was a quantitative
study of the amino nitrogen present in the stratum corneum, and the second,
a more definitive study of the quantitative and qualitative composition of
the free amino acids present in the surface film and stratum corneum.
QUANTITATIVE FREE AMINO NITROGEN IN STRATUM CORNEUM
Methods. Following the technique of Dowling and Naylor,2" stratum corneum was
collected by scraping the upper back (stratum corneum from tinea versicolor patients
TABLE 3. AMINO ACID NITROGEN IN WATER EXTRACTS OF
KERATINOUS MATERIAL
(Results in milligrams of amino acid nitrogen per 100 mg. scrapings)
Normals Tinea versicolor
Clinically
1 day 4 days uninfected area
after bath after bath 1 day after bath
RC 1.01 2.29 JG 1.59
ED 1.03 1.30 HD 1.64
GG 1.08 2.64 MT 1.03
EB 0.80 1.70 UK 1.20
was collected from clinically uninfected areas). The keratinous material was dried and
5 mg. extracted with 10 ml. distilled water for 48 hours in the cold. Samples in 2 ml.
aliquots were assayed for amino nitrogen using modified ninhydrin reagent.'
Results. From 0.80 to 2.65 mg. amino acid nitrogen were demonstrated
per 100 mg. keratin scrapings (Table 3). Two of the tinea versicolor
patients had assays somewhat higher than those for the normal subjects;
two others had assays within the range of the normal subjects.
Assuming an average molecular weight of 120, the total free amino
acids ranged from about 7 per cent (24 hours after bath) to 22 per cent
(4-5 days after bath) of the dry weight of the stratum corneum. The
high level of free amino acids in stratum corneum has been reported by
others: Spier and Pascher" found about 12 per cent of the dry weight of
the stratum corneum to be free amino acids and Dowling and Naylor'
reported an average of 15 per cent.
Table 3 also shows an increase of amino nitrogen in stratum corneum
depending upon time. Similar results have been demonstrated by Dowling
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and Naylor' who found a maximum of 2.4 mg./100 mg. keratinous scales
collected from the leg of one individual 20 days after bathing. They suggest
that very little increase in free amino acid concentration occurs on the
leg after this time.
Three of the normals in this assay have been used repeatedly in an effort
to produce experimental infection. In one experiment they lengthened
time between baths to 3-4 days for the period of one month so that the
chemical milieu of the surface film might be concentrated. Three days
1.4 asQ8 HIS A .IL
I2
- ~~~~~~~~~~~~~~~~~0.6
0 SER2 611 2
I pH
ALA OA -Y a
PE0t* NH2
W ~~~~~~~~~CIT 4LSARS
x 0.8 P 02
2i 0B 20 40 60 80
W -e-pH 5.26 0b35N No Ctthteb
.j 0.4
02 -IE
0TY
TUBES 20 40 60 80 300 320 340 360 380 200 220 230
la - pH 3.25 02N No Citrate - pH 425 02N No Citrate 0-
FiG. 6. Chromatographic fractionation on colunmns of Amberlite IR-120 of free
amino acids in the skin surface film of the upper trunk area.
after the beginning of this period they were inoculated across the back
and shoulders with tinea versicolor scales; none developed tinea versicolor
during the month test period. Although this study is not extensive, there
is indication that an increased amino acid concentration in stratum corneum
is not necessarily important in tinea versicolor.
FREE AMINO ACID COMPOSITION OF THE SURFACE FILM AND STRATUM CORNEUM
The presence of free amino acids on the skin has been known since 1910
when Embden and Tachau' isolated serine from thermogenic sweat. In
1946 Hier, Cornbleet, and Bergheim' identified 10 amino acids in sweat
using microbiologic methods and in 1949 Rothman and Sullivan' demon-
strated 13 amino acids and tentatively identified four others in water wipings
of the skin. Most of the data reported in recent years on the amino acid
composition of the horny layer and epidermis deal with pathologic material
216
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as well as with hydrolyzed samples, neither of which can be equated with
conditions that normally exist on the skin surface. To date the most definitive
and qualitative study of the free amino acids of the surface film and stratum
corneum is that of Spier and Pascher" who determined quantitatively 16
amino acids using paper electrophoresis and two dimensional paper
chromatography.
Methods. Using the Moore, Spackman and Stein' procedure for column chromatogra-
phy, we analyzed water wipings and extracted keratinous material from the upper back,
shoulders, and chest of six normal controls, 12 subjects with tinea versicolor infection
and four treated subjects clinically clear of infection. Wipings and keratinous material
TABLE 4. ORDER OF OCCURRENCE OF THE SIX MOST CONCENTRATED
AMINO ACIDS IN SKIN SURFACE FILM
Guinea
3 of 4 4 Tinea Stratum pig epi-
normals* normals* versicolor* corneumW dermis"
Serine Serine Serine Serine Serine
Glycine Glycine Glycine Citrulline Glycine
Alanine Citrulline Alanine Alanine Citrulline
Citrulline Histidine Citrulline Glycine Proline
Histidine Alanine Histidine Threonine Lysine
Threonine Lysine Threonine Aspartic Alanine
Threonine
* Material collected for analysis 24-36 hours after bath.
were obtained 24-36 hours after bath by washing the upper back, shoulders, and chest
with 300 ml. distilled water and washed cotton gauze pads negative by ninhydrin test
for amino nitrogen. During collection the washings rapidly become milky in appearance
and contain much cellular debris. The washings are stored in the cold overnight to
allow extraction of the keratinized cells. Then the specimen is filtered to remove cellular
elements, and reduced to about 20 ml. on a flask evaporator. The washings are assayed
and a sample containing 23y of amino nitrogen added to each column. Acidic and neutral
amino acids are separated out on the 150 cm. column and basic amino acids on the
15 cm. column.
Results. The pattern of the amino acids was found to be remarkably
similar in the three groups of subjects. Boardman and Malkinson16 using
two dimensional paper chromatography likewise found no qualitative
differences in the free amino acids of tinea versicolor, steroid treated
patients and normal controls. In our chromatograms, 20 amino acids were
identified as indicated in Figure 6 and Table 5; three others were tentatively
identified (methionine, methionine sulfoxide, cystine). Proline is present in
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all samples but masked by the citrulline peak in Figure 6; it was determined
separately using the method of Troll and Lindsley.' Urea, averaging about
2 per cent of the total for the free amino acids, was found in all speci-
mens, as was ammonia. There is an indication that asparagine and glutamine
TABLE 5. CHROMATOGRAPHIC ANALYSIS-FREE AMINO ACIDS PRESENT IN
SKIN SURFACE FILM. RESULTS IN GRAM AMINO N. PER
100 GRAMS CHROMATOGRAPHED
Normal Susceptible Heavy infection
Urea + + +
NH3 + + +
MET SUL? 1.47
ASP 2.26 3.64 3.75
THR 4.77 5.99 5.70
SER 25.45 26.62 26.51
GLU 2.64 3.63 3.92
CIT 7.94 7.42 8.35
GLY 14.06 13.67 14.26
ALA 6.25*t 11.60 9.34
CYS .07 0.46
VAL 2.05 1.89 3.19
MET 0.61 0.21 0.07
ILEU 2.01 1.20 1.56
LEU 2.07 1.54 1.34
TYR 0.82 1.08 1.50
PHE 1.12 2.11 1.56
TRY 0.77 0.56 0.42
LYS + ORN 5.01*t 3.41 3.40
HIS 6.87 6.97 6.88
ARG 4.70 5.02 4.03
PRO 2.05 2.16 2.00
Unidentified 6.56 2.20 0.52
* Wide spread.
t Average for 3 controls 9.03.
tAverage for 3 controls 3.60.
are present traveling in the serine and/or citrulline fractions since hydro-
lyzed samples show a decrease in these two peaks and an increase in the
glutamic and aspartic acid peaks.
In addition to these known and tentatively identified acids, there are
several small peaks which occasionally occur in normal, susceptible and
infected subjects alike. Effort is being made to identify these.
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It is of considerable interest to us that the quantitative pattern of the
free amino acids is fairly consistant in all subjects. Serine and glycine, two
low molecular acids, make up about 40 per cent of the free amino acids;
serine, glycine, alanine, citrulline, histidine, and threonine, occurring in
that order, make up about 70 per cent (Table 4). Spier and Pascher'
obtained somewhat different order of occurrence: serine, citrulline, alanine,
glycine, threonine, and aspartic acid. One difficulty in comparing our results
to theirs is that they used whole body washings and no mention was made
of how many hours had elapsed since bathing. We have found regional
differences in the pattern of free amino acids present in the surface film and
have also found quantitative differences dependent in part upon time since
bathing.' Tabachnick,TM in his analysis of the free amino acids in guinea pig
epidermis, obtained a pattern in which serine, glycine, citrulline, proline,
lysine plus ornithine and alanine made up about 75 per cent of the chroma-
tographed material. He used a similar chromatographic technique and
determined proline separately. That the pattern of amino acids obtained by
him is somewhat different is to be expected in that he is dealing with a
different source of material.
Table 5 presents the average quantitative results obtained in the chroma-
tographic assay of four normal male controls, four male subjects with
extensive infection, and the same four males after treatment and while
clinically clear of infection. It should be pointed out however, that these
latter four susceptible patients were still microscopically positive for P.
orbiculare and occasional M. fturfur hyphae.
Essentially the amino acid pattern of the six most concentrated acids
is similar in all three groups. In one apparently normal subject the
values for lysine plus ornithine, and alanine differed greatly from the
other controls altering the order (Table 4). In general, there is more varia-
tion in concentration of amino acids among the normal controls than
among the susceptible or heavily infected group.
The most evident changes (taking into consideration the 10 per cent
order of error for this work) is the increase in amounts of aspartic and
glutamic acids and threonine in all susceptible and heavily infected in-
dividuals. Whether the increase is inherent or due to microbial action is
not clearly evident. Certainly in tinea versicolor there are large numbers
of micro-organisms, including not only P. orbiculare and/or M. furfur
but other yeasts and bacteria, one of which, a motile fluorescent bacillus is
being studied in our laboratory for its possible contribution to fluorescence
in tinea versicolor. Slides and cultures from the susceptible group always
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revealed some P. orbiculare in the skin and follicles, as well as other
organisms.
Also in the susceptible and infected groups there is decreased amount
of isoleucine and leucine. These acids are being studied in the laboratory
to determine whether or not they exert any inhibitory action on growth of
P. orbiculare.
In comparing the results for the susceptible group to those for the con-
trols, the most notable difference is an increased amount of arginine and
phenylalanine in the former. This increase is not evident in the heavily
infected group suggesting use of these two amino acids by micro-organisms.
Both arginine and phenylalanine have been included in culture media;
apparently arginine is used by the strain of P. orbiculare tested but has no
effect in inducing hyphae.
SUMMARY
1. High levels of lipid in skin (casual and 1-hour sebum delivery) were
found not to be a consistent feature in tinea versicolor.
2. An analysis of free fatty acids of the skin surface in tinea versicolor
showed quantitative changes which can be attributable to metabolic effects
of P. orbiculare.
3. An analysis of free amino acids of the skin surface showed some
quantitative differences in certain acids in tinea versicolor infection.
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